[1] Global images of the proton aurora taken with the SI-12 camera onboard the IMAGE satellite reveal a very direct relationship between the solar wind dynamic pressure and the intensity of the global proton aurora. We show that an increase in dynamic pressure leads to an immediate and persistent increase in proton precipitation, also when the increase is slow. When the dynamic pressure decreases, the proton aurora diminishes. Five events during geomagnetic quiet times, with mostly northward IMF, have been selected in order to characterize the proton aurora caused exclusively by high dynamic pressure and establish important criteria that the dynamic pressure-induced precipitation mechanism(s) must satisfy. We also present measurements during southward IMF and show that the combined effect of high solar wind dynamic pressure and southward IMF produces intense global proton aurora. Some of the characteristics are: (1) The aurora is global, with peak intensities at midnight and flanks. (2) A dawn/dusk asymmetry shows that the precipitation originates from magnetospheric protons that have undergone gradient/curvature drift. (3) The time delay between ground magnetic signatures of a change in the solar wind dynamic pressure and a change in global proton aurora is short (À2 minutes). Our observations indicate that the precipitation mechanism(s) behind the proton aurora during high dynamic pressure is directly connected to the compression of the magnetosphere, both at the flanks and nightside.
Introduction
[2] The solar wind dynamic pressure is an important parameter for controlling the shape and size of the magnetosphere. A sudden increase in dynamic pressure can cause global disturbances in the magnetosphere, which are accompanied by an increase of the intensity of the aurora [Vorobyev, 1974; Craven et al., 1986; Spann et al., 1998; Zhou and Tsurutani, 1999; . Recent studies, using global images from space, have shown that the auroral intensifications appear first at the dayside and propagate to the nightside at an ionospheric speed consistent with the speed of the solar wind discontinuity [Zhou and Tsurutani, 1999] , at least when the dynamic pressure pulse is preceded by a period with northward IMF [Boudouridis et al., 2003] . These transient intensifications are often referred to as shock auroras, since they are believed to be caused by the sudden magnetospheric reconfiguration due to the sudden increase of solar wind pressure. Liou et al. [2006] showed that a negative sudden impulse in solar wind dynamic pressure leads to a fast, global reduction in auroral intensity.
[3] The effect of a long-lasting high solar wind dynamic pressure on the aurora has been much less studied. Zhou and Tsurutani [2003] showed that the auroral intensity at dawn and dusk, seen by the UVI camera on the Polar satellite, increased (decreased) during gradually increasing (decreasing) dynamic pressure. Using the same camera, Liou et al. [2007] showed that the global auroral luminosity is higher when the magnetosphere is compressed, leading to the term ''compression aurora''. They also found, using in situ DMSP measurements, that most of the auroral emissions during compression were due to diffuse electron precipitation.
[4] The production mechanism for the persistent aurora during high dynamic pressure is believed to differ from the transient mechanisms behind the shock aurora. suggested that the dawn and dusk aurora could be due to Kelvin-Helmholtz waves on the magnetopause. Liou et al. [2007] suggested that the increased intensity is due to a larger loss cone caused by a decrease in the mirror ratio, B m /B eq , since the equatorial magnetic field strength, B eq increases more than at the mirror points, B m , during compression.
[5] The first, and so far only camera with the ability to look at the global aurora solely produced by protons, is the SI-12 camera [Mende et al., 2000] on board the IMAGE satellite. Using this ability, Meurant et al. [2003 Meurant et al. [ , 2004 showed that a sudden increase in the solar wind dynamic pressure affects both electron and proton precipitation however with some differences in timing and distribution. Coumans et al. [2006] showed in a statistical study, that the total power of the proton precipitation was correlated with the solar wind dynamic pressure. The slope in the regression line between dynamic pressure and proton precipitation energy flux was highest near midnight and higher in the summer than in the winter.
[6] In this paper we look at the lasting effect of a change in solar wind dynamic pressure on the global proton aurora, seen by the SI-12 camera. We show that high dynamic pressure leads to a persistent intense proton aurora. We look at five events during geomagnetic quiet times, in order to establish some characteristics of the dynamic pressure induced aurora, that a production mechanism must account for. The quiet times are chosen to avoid contributions from other processes, such as substorms and convection caused by southward IMF, and the magnetosphere can be assumed to be in a quasisteady state. Although the effect of the dynamic pressure is clearly seen in the quiet time measurements, the aurora is faint. Two events with southward IMF are also studied, and we show that a combination of southward IMF and high solar wind dynamic pressure may be decisive parameters for generation of intense proton precipitation.
[7] In section 2, the observations are presented. Section 3 contains a discussion of possible production mechanisms induced by the high solar wind dynamic pressure, in relation to our observations. Section 4 contains the conclusions.
Observations
[8] The SI-12 camera [Mende et al., 2000] has a narrow passband with peak sensitivity at 121.8 nm and block-out of the Hydrogen emission line at 121.567 nm (Ly-a). Hence only Doppler shifted Ly-a emissions are detected. Such emissions are produced by Hydrogen descending at a sufficiently high speed along the line of sight. This Hydrogen is in turn produced by proton precipitation which charge exchange with atmospheric constituents. Only protons with energy above 1 keV can produce detectable emissions . Above this threshold, the sensitivity of the SI-12 camera is highest at 3 -4 keV for an isotropic distribution of protons and decreases with increasing energy .
[9] The relation between an instrument count in SI-12 and a physical quantity such as energy flux or number flux requires that, e.g., the mean energy of the precipitation is known [Gérard et al., 2001; Frey et al., 2003] . Since global measurements of the mean energy are not available, statistical maps [Hardy et al., 1989] are often used. However, in this paper, we focus on proton aurora produced by a mechanism induced by high solar wind dynamic pressure, which may produce different energy spectra than other mechanisms. Since assumptions based on statistical maps of proton precipitation may introduce artificial inaccuracies, we will avoid the use of energy flux and present the SI-12 data in corrected instrument counts (instrument calibration is described in Frey et al. [2003] ). We use the terms ''instrument counts'' and ''proton aurora intensity'' interchangeably. A constant background of 4 counts/pixel, and a variable crescent shaped dayglow, has been subtracted from each image. The time resolution of the SI-12 camera is approximately 2 minutes (one satellite spin period), and the integration time is 5 seconds.
[10] For measurements of the solar wind and IMF, we use the ACE satellite, located near the Lagrange point at x GSM $ 250 R E . To determine the timing of the solar wind arrival to the magnetopause (taken as 10 R E ), we time-shift each data point by s/v, where s is the distance along the GSM x direction to the ACE satellite. We then adjust the time-shift so that solar wind dynamic pressure discontinuities coincide with abrupt changes in the SYM-H index. The SYM-H index is derived from low latitude ground magnetometer measurements, and can be seen mainly as a one minute equivalent to the Dst index [Wanliss and Showalter, 2006] , and is sensitive to changes in the ring current, but also has a contribution from the magnetopause current [e.g., Burton et al., 1975] . Thus we have an accurate time, within the one minute time resolution of SYM-H and the ACE measurements, for the arrival of the discontinuity at the magnetopause, while the timing for other solar wind data points may be slightly dislocated in time.
Five Quiet Time Dynamic Pressure Events
[11] In Figures 1a-1e , we show five events with quiet geomagnetic conditions, to avoid any superimposed effects of processes independent of the solar wind dynamic pressure. All events in this study are from 2001, when the $7 R E apogee of the IMAGE satellite was close to the north pole, which enabled continuous observation of the area above 50°magnetic latitude for several hours per 14 hour orbit.
21-22 April 2001
[12] Figure 1a shows the end of a long period with high dynamic pressure. The positive direction of the IMF B z (bottom) indicates low geomagnetic activity. The AE indices (not shown) also showed low activity at this time. The third panel from the top shows that the solar wind dynamic pressure first increases at 23:35 UT, and then quickly decreases just before 00:40 UT. The dynamic pressure reduction is accompanied by a fast drop in proton aurora intensity. In the more than 1 hour long period with SI-12 data prior to the drop in dynamic pressure, the MLT keogram (top) shows two steady maxima in aurora intensity at dusk, centered approximately at 18 MLT, and at dawn, centered at approximately 4 MLT. The dusk aurora is more intense than at dawn.
[13] The fourth panel from the top shows the solar wind velocity (black) and density. When the dynamic pressure decreases, at 00:40 UT, the solar wind velocity increases. The drop in dynamic pressure is caused by a large decrease in density, from approximately 40 to 10 cm
À3
. The relative changes in density and velocity are important for various proposed production mechanisms, such as Kelvin-Helmholtz (K-H) waves on the magnetopause ], which will be discussed in section 3.
[14] In the top panel of Figure 2a , we have plotted the correlation coefficients between the proton aurora intensity and solar wind dynamic pressure at different magnetic local times for the 21 -22 April event. The intensity of the proton aurora depends on the state of the magnetosphere, which may have a highly delayed response to changes in the solar wind and the IMF. Hence consecutive measurements by the SI-12 camera, spaced by only 2 minutes, are not statistically independent. This means that even though the correlations presented in Figure 2 are based on a large number of A08231 LAUNDAL AND ØSTGAARD: PRESSURE-INDUCED PROTON AURORA 2 of 8 A08231 samples, one should be careful in concluding about the true correlation, since the significance of the correlation coefficients is much less than they would be if the data were obtained with larger time intervals. However we shall use the calculated correlation coefficients only as a measure of how well the data in each particular event vary together, and look at the differences between magnetic local times. The top panel of Figure 2a shows a clear pattern, with higher correlation at dawn and dusk, than at midnight and noon. In the bottom panel, we have used data points only from the period prior to the dynamic pressure decrease at 00:40 UT, to look at the common variation without the effect of the large dynamic pressure drop. We see that the correlation is lower at all local times, as expected, but the >0.6 correlation seen on the dusk side suggests that also the small changes in solar wind dynamic pressure affect the proton aurora. This is confirmed by the MLT keogram, which shows an increase in the dusk aurora intensity in response to the dynamic pressure increase at 23:35 UT.
19 January 2001
[15] Figure 1b shows data from 19 January 2001. A dynamic pressure increase from 0.5 to 2.5 nPa is seen at 03:20 UT. The MLT keogram shows a small increase in intensity mainly at the nightside (note the greatly reduced color scale from the previous event). Between 03:50 and 04:20 the dynamic pressure is down to 1 nPa, and then it rises again to 2 -2.5 nPa. At the time of this second dynamic pressure increase, the auroral intensity increases again, to a higher value than in the first increase. The IMF B z was northward (%3 -4 nT) for approximately two hours prior to the second dynamic pressure increase, when it became %0 nT. This turning of the IMF may be the reason for the higher proton aurora intensity at this time.
[16] This example illustrates that the solar wind dynamic pressure has a clear effect on the proton aurora, also for relatively low values. Whether or not these observations are a consequence of the abrupt increase, or an effect of persistent high dynamic pressure, is unclear, due to the relatively short duration of the first dynamic pressure pulse.
[17] The aurora was very faint at all MLTs in this event, only a few counts higher than the background. However, compared to other MLTs, the correlation between dynamic pressure and aurora intensity was high on the pre midnight MLTs (Figure 2b ).
18 August 2001
[18] Figure 1c shows proton aurora measurements from 18 August 2001. This is the late recovery phase of a geomagnetic storm, but the geomagnetic conditions are otherwise quiet: no substorms are detected, and the IMF B z is strictly positive. At approximately 06:15 UT we see a sudden increase in dynamic pressure, which results in an intensification of the proton aurora at all magnetic local times. The most intense proton aurora is found on the nightside. During the subsequent hour, both the dynamic pressure and the proton aurora intensity decreases.
[19] The top panel of Figure 2c shows the correlation between solar wind dynamic pressure and proton aurora intensity at different magnetic local times. The bottom panel shows the correlation only in the period starting 20 minutes after the increase in solar wind dynamic pressure. The high correlation seen in both cases indicates that the dynamic pressure controls the proton aurora at all times.
25 October 2001
[20] Figure 1d shows the response in proton aurora intensity to a sudden increase in solar wind dynamic pressure, followed by a 3.5 hours long period with slowly varying, high dynamic pressure. In the $20 minutes following the sudden increase in dynamic pressure, the proton aurora intensifies on the dayside, and travels anti-sunward, mainly along the dusk flank. This is consistent with the description of the proton aurora caused by a sudden increase in dynamic pressure described by Meurant et al. [2004] . According to Frey et al. [2004] , there was a substorm onset at 09:09:56 UT, located at 23:26 MLT. The local intensification seen at this time and location in the MLT keogram may be due to this possibly pressure triggered substorm. It should be mentioned that we have seen no substorm signatures in ground magnetometer data in this event. In the last $2 hours with SI-12 data, the aurora is located mainly at the flanks, with a similar configuration as the 22 April event (Figure 1a) .
[21] Figure 2d shows the correlation between proton aurora intensity and solar wind dynamic pressure at different local times for the whole time interval (top) and the period starting 20 minutes after the solar wind dynamic pressure increase (bottom). As discussed above, the inten- [22] Figure 1e shows an event from 15 December 2001 when the dynamic pressure decreased slowly from %9 to %2 nPa over 4 hours, and then increased again. This was also the case for the proton aurora intensity, which started at an average of 7 counts, decreased to 3 counts, and increased to 5 counts again. In the first 70 minutes, the proton aurora was primarily located in an %3 hours wide MLT sector in the post midnight sector, and a much wider area at dusk. The dusk aurora is visible throughout the period. The IMF B z was positive or close to zero during the whole event, except for a period of %15 minutes around 22:00 UT, when it turned southward. This is probably the reason for the seen in the MLT keogram near midnight brief intensification at this time.
[23] Due to the absence of large discontinuities in the solar wind, this event demonstrates one of our main points: High solar wind dynamic pressure leads to an enhanced proton aurora intensity, also when the solar wind dynamic pressure changes slowly (or not at all).
[24] The correlation between solar wind dynamic pressure and proton aurora intensity (Figure 2e) is quite high at all magnetic local times in this event, including the dayside. The minimum seen between 23 and midnight can probably be explained by the fact that the intensity at this local time was low, except for the 15 minutes with southward IMF.
Solar Wind Dynamic Pressure Control of High Intensity Proton Aurora
[25] So far we have looked only at events when the IMF was mostly northward. Many previous studies show that changes in solar wind dynamic pressure have much more dramatic consequences when it is combined with southward IMF [e.g., Meurant et al., 2004; Lee and Lyons, 2004; Boudouridis et al., 2004; Lee et al., 2007] , and we want to see if this holds also for the proton aurora intensity.
[26] Figure 3 shows data from two geomagnetic storm main phases, characterized by steep decreases in SYM-H, a signature of significant injection of energy into the ring current. It is believed that an increase of ring current energy is associated with injection of protons of isotropic pitch angle distribution, which is a major cause for precipitation [Søraas et al., 2002; Mende et al., 2002] . The similarity in the magnitude of the drop in SYM-H suggests that the events in Figure 3 are to some extent comparable in terms of injection of isotropic protons.
[27] There are however big differences in the proton aurora intensity: On 21 October 2001, the intensity (Third panel from the top) was approximately a factor of 2 higher than 3 October. Note that the color scale in the MLT keogram (second panel) has been adjusted to 3 counts per color due to the high intensity, and that we look at the entire region poleward of 50°magnetic latitude, due to the expansion of the auroral oval. The axis and color scales are the same for both events in Figure 3 .
[28] The solar wind data shows that the IMF B z (bottom panel) was negative, and had a similar magnitude in the two events. The dynamic pressure (fourth panel from the top) was however much higher on 21 October than it was on 3 October. This indicates that the difference in dynamic pressure is the reason for the large difference in proton aurora intensity. A one-to-one relationship between solar 
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LAUNDAL AND ØSTGAARD: PRESSURE-INDUCED PROTON AURORA wind dynamic pressure and proton aurora intensity cannot be claimed when so many processes are present that can cause precipitation. However we also see that the periods with the most intense aurora in both events coincided with the periods when the dynamic pressure was highest. An exception to this is found at the end of the 21 October event, when the dynamic pressure reached very high values (>30 nPa), with a relatively faint nightside aurora. This can probably be explained by the fact that the IMF B z had turned northward. The keogram shows that most of the intensity in this period is located on the dayside.
[29] Figure 3 indicates that high solar wind dynamic pressure or southward IMF alone are not able to produce proton aurora with very high intensity. A combination of high dynamic pressure and southward IMF may however be a necessary and sufficient criterion for high intensity proton aurora. This is in accordance with the statistical study by Coumans et al. [2006] , who found that the slope of the linear regression line for proton aurora power and solar wind dynamic pressure was higher during southward IMF.
Discussion
[30] The observations presented in this paper show that a change in solar wind dynamic pressure is reflected in the global proton aurora intensity. The mechanism(s) responsible for this relationship must account for several characteristics: (1) Persistent high dynamic pressure leads to a persistent high proton aurora intensity. This is the reason that we believe the mechanism(s) behind the proton aurora observed in this study differ from the mechanisms behind the transient shock aurora. (2) The time delay between a change in ground magnetic field signatures of a change in solar wind dynamic pressure, both positive and negative, and a change in proton aurora intensity is very short, possibly below the 2 minutes time resolution of the SI-12 images. (3) Some events (22 April and the end of 25 October) showed that the dynamic pressure induced aurora was predominantly located at the flanks, but this is not always seen (18 August, 19 January). (4) The dawn/dusk asymmetry shows that the aurora originates from magnetospheric protons that have undergone gradient/curvature drift, and precipitate due to some mechanism induced by the high dynamic pressure. This is consistent with Liou et al. [2007] , who reported a similar pattern in the electron dominated aurora caused by high dynamic pressure, only with the highest intensity at dawn. (5) The intensification of the proton aurora during high dynamic pressure is seen regardless of the sign of the IMF B z . However a much more dramatic effect of high solar wind dynamic pressure is seen when the IMF is southward (Figure 3 ) than when it is northward, consistent with many reports on the effect of dynamic pressure on the magnetosphere.
[31] The two theories used to explain the energy transfer from the solar wind to the magnetosphere are reconnection [Dungey, 1961] , which is least efficient when IMF B z > 0, and viscous interaction [Axford and Hines, 1961] , which can be independent of the sign of B z . We have shown five events where high dynamic pressure led to increased precipitation, even though the IMF was northward, which may be taken as a sign of viscous interaction. One possible viscous interaction mechanism is Kelvin -Helmholtz waves on the magnetopause flanks, which agrees with the flank location of the aurora seen in Figure 1a and at the end of the 25 October event (Figure 1d) . This was the argument of , who observed dynamic pressure dependent flank auroras using the Polar UVI camera, which is sensitive mainly to electron produced auroral emissions.
[32] The onset condition for K -H waves is [e.g., Baumjohann and Treumann, 1997]
where subscripts 1 and 2 denote the regions outside and inside the magnetopause, respectively. B is the magnetic field, n is the plasma density, k is the wave vector, and Dv is the shear velocity across the magnetopause. The inequality 1 shows that the shear velocity is a more important parameter in controlling K-H wave growth than the plasma density. Hence K-H wave activity is much more sensitive to changes in solar wind velocity, than density [e.g., Engebretson et al., 1998 ]. In the 21 -22 April event (Figure 1a) , the proton aurora (and solar wind dynamic pressure) was clearly governed by changes in solar wind density, with an increasing solar wind velocity at the time of the drop in dynamic pressure. The 19 January event (Figure 1b ) also showed a clear response to an increase in density, with a nearly constant velocity. The first period of the 15-16 December event ( Figure 1e ) had high solar wind density, while the last period had high velocity, with no apparent difference in the dynamic pressure control of the overall proton aurora intensity. These examples illustrate that it is the combined effect of the solar wind velocity and density, namely the dynamic pressure, P = m p nv 2 , and not the velocity in particular, that governs the global proton aurora, as would be expected if Kelvin-Helmholtz waves was the driving mechanism.
[33] A more direct mechanism was proposed by Liou et al. [2007] , who observed persistent increased intensity in the electron-dominated aurora seen by Polar UVI during high solar wind dynamic pressure. They suggest that the increased intensity is caused by a decrease in the mirror ratio, B m /B eq , since the equatorial magnetic field increases most during compression, leading to a larger loss cone.
[34] Many of the features in the observations presented in this paper support the idea that the dynamic pressure induced aurora follows directly from the compression of the magnetosphere. A quick compression/expansion of the magnetosphere following a change in the solar wind dynamic pressure quickly turns on or off the precipitation mechanism, in agreement with, e.g., the observations in Figure 1d (on) and Figure 1a (off). However it is not clear why a reduced mirror ratio should lead to maxima at the flanks, and in particular why there is a higher intensity at the dawn sector than at noon, where the magnetosphere gets much more compressed than other MLTs. Another problem is that an increase in the size of the loss cone intuitively would lead to a short-lived intensification, lasting long enough for the protons within the loss cone to be emptied; only a few minutes, considering the bounce periods of >1 keV protons. This means that a continuous supply of new protons, or an acceleration of ''old'' protons is needed to explain the persistent high intensity. An explanation for
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LAUNDAL AND ØSTGAARD: PRESSURE-INDUCED PROTON AURORA both the flank location and the persistence of proton aurora may be increased magnetospheric convection triggered by the compression [Lukianova, 2003; Boudouridis et al., 2004 Boudouridis et al., , 2005 Boudouridis et al., , 2008 . In a steady state, charged particles from the tail cannot enter closed trajectories (the symmetric ring current), and are led around the Earth, to the flanks, with a larger fraction of the protons at the dusk flank due to magnetic field gradient and curvature drifts. At the flanks, the particles encounter a more compressed magnetic field, and some precipitate. Particles that are not on closed trajectories are convected out in the magnetosheath, and are lost from the magnetosphere. Shue et al. [2002] studied global electron aurora, driven by convection, located primarily on the flanks (two-cell aurora) during substorm growth phase. The strikingly similar distribution observed in the compression aurora events presented by Liou et al. [2007] , and the distribution (with opposite asymmetry) in the proton aurora events shown in Figures 1a and 1d , further support the suggestion that convection plays a role in the generation of the aurora during high pressure.
[35] Anderson and Hamilton [1993] reported onset (cessation) of electromagnetic ion cyclotron waves (EMIC) in the magnetosphere in response to a contracting (expanding) magnetosphere. These waves are believed to result from the increased energy anisotropy of magnetospheric protons during compression. Interaction with EMIC waves is a possible acceleration mechanism, scattering protons into the loss cone.
[36] While the aurora in Figure 1a was primarily located at the flanks, other events have a maximum located near midnight. This is most clearly seen in Figures 1b and 1c . The different locations may suggest different precipitation mechanisms. One possible mechanism at the nightside is pitch angle scattering in areas with small magnetic field line curvature radius. If a particle with gyro radius r g encounters an area where
Rc rg ] 8, where R c is the field line curvature, the particles can be scattered into the loss cone due to violation of the first adiabatic invariant [Sergeev et al., 1983] . This is most likely to happen on the stretched magnetic field lines on the nightside magnetosphere. A study by Boudouridis et al. [2008] indicates that a sudden increase in dynamic pressure induces enhanced magnetotail reconnection. The resulting newly closed field lines would have a very small curvature, and so could contribute to pitch angle scattering.
[37] Lee et al. [2007] studied the response of ENAs to solar wind dynamic pressure variations, and found that the flux of ENAs exhibits a global increase (decrease) in response to magnetospheric compression (decompression). They claim that this behavior is due to adiabatic energization, with a reinforcing effect from the inward motion of the charged particles to areas where the density of neutral atoms is higher. One of the events studied by Lee et al. [2007] was the 18 August 2001 event. The flux of <10 keV energetic neutral hydrogen in this event showed a very similar development as the global average proton aurora intensity (Figure 1c) . However the relative increase in <10 keV hydrogen was less than 30%, while the global proton aurora increased by %100% from the intensity prior to the dynamic pressure increase. The similarity in the time development of ENA emissions and proton aurora intensity may suggest a production mechanism of common origin during high solar wind dynamic pressure. However the large discrepancy in the relative changes in the 18 August event indicates that adiabatic energization is not sufficient to account for the entire increase in proton aurora without some additional mechanism.
Conclusions
[38] We have shown that (1) High solar wind dynamic pressure leads to a persistent higher intensity in global proton aurora, also when the IMF B z > 0. The dynamic pressure induced aurora is most intense on the nightside and flanks. (2) The proton aurora intensity responds promptly to variations in the solar wind dynamic pressure. (3) We observe a dawn -dusk asymmetry, with the highest intensity at dusk, which shows that the protons have been subjected to gradient/curvature drift in the magnetosphere. (4) When IMF B z < 0, the effect of high solar wind dynamic pressure is more dramatic, in terms of proton aurora intensity. Any mechanism, or mechanisms, that aim to explain the dynamic pressure proton aurora must account for the above observations.
[39] The relative changes in solar wind density and velocity during some of the events we have studied suggest that Kelvin -Helmholtz waves on the magnetopause are most likely not the cause for the dynamic pressure induced aurora. Our observations suggest that the precipitation is caused by a mechanism directly connected to the compression of the magnetosphere, possibly: (1) Adiabatic energization, (2) increase in the size of the loss cone due to a decrease in mirror ratio, (3) enhanced magnetospheric convection, (4) a reduced curvature radius on the nightside magnetic field lines, (5) interaction with EMIC waves due to increased energy anisotropy, or a combination of these mechanisms.
[40] Since all these mechanisms may be present simultaneously, further study is needed to differentiate between them. Adiabatic energization, increase in the size of the loss cone, and EMIC waves caused by energy anisotropy depend on the relative increase of the magnetic field strength when the magnetosphere is compressed. It is thus expected that these processes are more important at high latitude magnetic field lines, which experience a larger relative increase during compression. In situ measurements of EMIC wave activity during high dynamic pressure could provide further support for this theory. Since the efficiency of the pitch angle scattering on stretched field lines depends on the mass and energy of the particles, the precipitation of energetic protons should increase much more than the electron precipitation where this is the most important mechanism. This could be tested by in situ measurements of particle precipitation. The flank location (two-cell structure) which was particularly prominent in two of the above events (22 April and 25 October), may be an auroral signature of magnetospheric convection during high dynamic pressure, which has received increasing attention in the recent years. A study of the ionospheric convection in these events could provide a test for this hypothesis.
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